Two new compounds, (3R)-5,6,7-trihydroxy-3-isopropyl-3-methylisochroman-1-one (1) and rhamnocitrin-3-O-β-glucopyranosyl-4′-O-β-galactosyl-(1→3)glucopyranoside (2), were isolated from the whole plants of Selaginella moellendorffii Hieron. Their structures were determined by spectroscopic methods. Additionally, compound 1 could inhibit the proliferation of HT29 cells through inducing cell apoptosis.
Selaginella moellendorffii Hieron., (Selaginellaceae), widely distributed in southeast Asia, has been used as a folk remedy for the treatment of hepatitis and idiopathic thrombocytopenic purpura [1] . Previous chemical investigations presented a number of structurally interesting dihydrobenofuran lignanosides, norlignan lignanosides, flavones and biflavones [2] [3] [4] . This paper describes the isolation and characterization of two new compounds, (3R)-5,6,7-trihydroxy-3-isopropyl-3-methylisochroman-1-one (1) and rhamnocitrin-3-Oβ-glucopyranosyl-4′-O-β-galactosyl-(1→3)-glucopyranoside (2) from the whole plants of S. moellendorffii (Figure 1 ).
Colon cancer has become a major cause of cancer-related mortality in both men and women [5] . Although the survival rate has significantly increased with the application of chemotherapeutics, there are many clinical problems, such as severe side effects and chemoresistance [6, 7] . Therefore, novel agents are required to establish a more effective therapeutic strategy, and this study was conducted to find such new anti-proliferative agents.
Compound 1 was obtained as a white amorphous powder. Its HR-ESI-MS and NMR data gave the molecular formula C 13 H 16 O 5 , which indicated 6 degrees of unsaturation. Compound 1 appears purple in 10% ethanolic sulfate solution and has a positive reaction with FeCl 3 -K 3 [Fe(CN) 6 ]; these results, together with the IR absorption peaks at 3353 and 3278 cm -1 , indicated the presence of a phenolic hydroxyl group. Absorption peaks in the UV spectrum at 235 and 285 nm, and in the IR spectrum at 1715, 1625, 1457, 1336, 853 cm -1 showed the presence of an aromatic ring and an unsaturated ketone. The 1 H NMR spectrum ( Table 1 ) of 1 exhibited one aryl proton signal at δ 6.90 (1H, s, H-8), two methylene signals at δ 2.75 and 2.81 (2H, d, J = 13.5, H-4), one methine signal at δ 1.96 (1H, d, H-9), three methyls at δ 0.98 (3H, d, J = 6.5, H-10), 0.88 (3H, d, J = 6.5, H-11), and 1.14 (3H, s, H-12), and three hydroxyl groups at δ 9.55 (1H, H-5), 9.33 (1H, H-6), and 8.87 (1H, H-7). The 13 C NMR spectrum ( Table 1) showed 13 signals, associated with one carbonyl (δ 163.8, C-1); six olefinic carbons (δ 113.1, C-4a; 143.6, C-5; 145.9, C-6; 138.2, C-7; 106.9, C-8; 116.5, C-8a); one quaternary carbon connecting to oxygen (δ 84.6, C-3); one methine (δ 34.6, C-9); one methylene (δ 28.3, C-4) and three methyls (δ 16.2, C-10; 17.5, C-11; 21.3, C-12). The correlations between H-9 and H-10/H-11 in the 1 H-1 H COSY spectrum, and the correlations between H-10, H-11 and C-9, and H-10 and C-11 in the HMBC spectrum suggested the presence of an isopropyl group. In the HMBC spectrum (Figure 2 ), the correlations between H-8 and C-8a/C-7/C-1 indicated the benzene ring connecting to an ester. The correlations between H-4 and C-4a/C-8a/C-5 indicated the methylene at C-4a. The correlations between H-12 and C-3, H-9, H-10, H-11 and C-3, indicated both the methyl and isopropyl group at C-3. Based on the 13 C NMR and HMBC data, C-3 was confirmed as a quaternary carbon connecting to oxygen. Combining the degrees of unsaturation, a lactone ring was deduced in compound 1.
The correlations between H-12 and C4/C-9, and H-4 and C-9 further established the structure of compound 1. Table 2) revealed that a methoxyl unit was linked to the aglycone at C-7. Therefore, the structure of compound 2 was deduced to be rhamnocitrin-3-O-β-glucopyranosyl-4′-O-β-galactosyl-(1→3)glucopyranoside.
Compound 1 exhibited potent anti-proliferative activity against HT29 cells with an IC 50 value 9.6 nM, which was comparable with the positive control, taxol (8.5 nM) . The results also demonstrated that apoptosis was enhanced in compound 1-treated cells (Figure 3 ). Compound 1 may exert its effects against HT29 cells through upregulation of caspase activities (Figure 4) . These results provide scientific rationales to identify compound 1 as a potentially new anti-proliferative agent against colon cancer. 
Experimental
General: Optical rotations were measured on a P-2000 polarimeter (JASCO), IR spectra on a PerkinElmer Spectrum One FT-IR spectrometer with KBr pellets, and UV spectra on a Shimadzu UVmini-1240 spectrophotometer with PhotoMultiplier Tube. The NMR spectra were obtained on a Bruker AV-500 spectrometer, using TMS as an internal standard. HR-ESI-MS were measured on a Waters API QSTAR Pular-1 mass spectrometer. HPLC was performed on a Shimadzu apparatus {LC-6AD pump, SPD-20A UV detector, YMC ODS-A (20 mm × 250 mm, 10 µm), with UV detection at 265 nm}. Column chromatography was performed with D101 macroporous resin, C 18 silica gel (Merck, Germany) and Sephadex LH-20 (Pharmacia Biotech AB, Uppsala, Sweden).
